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 In this paper, we investigated the Coherent Optical Transmission System 
(COTS) performance for multiple types of DP-QAM levels considering 
various CW laser input power. We compared the performance of COTS for 
100 Gb/s with DP-32QAM, DP-64QAM and DP-128QAM respectively. 
We also inspected the relationship among Optical Signal to Noise Ratio 
(OSNR), Error Vector Magnitude (EVM) and Bit Error Rate (BER) which 
are found in accordance for both simulation curves and constellation 
diagrams. Results are obtained by experiments with DP-32QAM, DP-
64QAM and DP-128QAM modulations techniques at symbol rate of 10 
Gsymbol/s, 8.33 Gsymbol/s and 7.142 Gsymbol/s respectively. This work is 
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At present, realizing higher bit rates, capacity and lower cost per bit for long haul coherent optical 
transmission systems (COTS) are leading research interests [1, 2]. It is well known that up to 10 Gb/s On-Off 
Keying (OOK) with association of either return-to-zero (RZ) or non-return-to-zero (NRZ) modulation 
technique works very well from transceiver point of view. But for higher data rates, these modulation formats 
also show some drawbacks such as spectral inefficiency along with linear and nonlinear effects of optical 
fiber [3]. For COTS, the parameters upon which efficiency relies on are capacity, optical link distance, 
spectral efficiency, bandwidth of the channel and optical system design [4]. Consequently, advanced 
modulation formats are extensively applied for meeting continuously growing demands in COTS [5-7]. 
Moreover COTS has the merits of anti-polarization dispersion and better sensitivity in the receiver  
which is not the case for direct detection modulation technique. Also COTS is compatible with Multi level 
modulation format and has better spectral efficiency. Due to these advantages, COTS is employed in DWDM 
systems [8]. 
Besides QAM has the capability to obtain very higher spectral efficiency over optical frequency 
bands [9]. Thus DP-QAM is one of the potential modulation candidates for COTS [10]. DP-QAM 
modulation levels are widely employed for satisfying increasing demands of higher spectral efficiency as 
well as higher capacity whereas it also shields against linear and nonlinear affects in optical fibers [11].  
This modulation format is an operator for both the amplitude and phase alteration along with dual 
polarization in the COTS [12]. Furthermore Dual polarization QAM provides higher bits/symbol rate which 
ultimately leads to efficient utilization of the frequency spectrum [13]. On the contrary, more inspection and 
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safe guarding are must for Dual polarization QAM [14]. In situations where optical channels are impaired by 
amplified spontaneous emission (ASE) noises, the error vector magnitude (EVM) and the optical signal to 
noise ratio (OSNR) play a pivotal role in measuring the performance of those optical channels [2, 5].  
By the same token, it is very much important to portray optical I-Q transmitters [15]. Still now,  
the interaction of BER and OSNR with respect to EVM is not well ascertained in COTS [16]. Moreover, 
EVM is better metric than BER when symbol sequences are unknown. Thereby association between EVM 
and BER are highly momentous for COTS [15]. In this paper the effect of nonlinear distortion on DP-QAM 
based COTS was analyzed in Optisystem software environment. In case of QAM, information encoding is 
done on amplitude and phase which required very sophisticated analysis and quantization technique  
to measure the efficiency of COTS [17]. EVM and OSNR are widely applied parameters for  
evaluating the performance of COTS where the optical channels are adversely affected by ASE noise and  
I-Q transmitters [17]. 
With the help of EVM we can calculate the deviation of actual received data from the expected 
value of demodulated data [18]. But signal-to-noise ratio (SNR), EVM and BER originally derived wireless 
digital communications which are not compatible with optical communications systems [5]. Proper algorithm 
of COTS is necessary for accurately validating the interdependency between EVM and BER [17, 19].  
The prime parameters that were analyzed here are Input transmitting power, propagation optical length, 
EVM, BER and OSNR. Proper investigation of EVM is an inevitable which necessitates the derivation of  
an analytical closed form expression for EVM [20]. In addition to that simulated outputs of the constellation 
diagrams for x polarization and y polarization were found in accordance to our findings. We derived a novel 
expression presenting the relationships among EVM, OSNR and BER for the designed transmitter receiver of 
the COTS. Then we designed the algorithm for simulation flow representing the complete simulated COTS 
architecture. We presented our simulation results along with comparison table containing the existing works 
and thereby validation of our findings from the simulated COTS is shown. This paper is decorated as follows: 
In Section 1, in the introduction part we provided background with literature review, the problem statement 
and our novel analytical expression where the interaction among BER, OSNR and EVM are presented 
mathematically. In Section 2, analytical analysis of the work is presented. In Section 3 describes  
the simulation layout of the systems. In Section 4, we incorporated the results and findings. Conclusion of  
the paper and future directions are provided in Section 5. 
 
 
2. ANALYTICAL ANALYSIS 
EVM is the measurement of the difference between reference signal and received signal. 
Consequently, magnitude error, vector error and phase error produced between the transmitted symbols and 
received symbols in COTS. The mathematical expression [3, 21] to determine the EVM of the COTS  
















where, N is the total number of transmitted bits, St (n) is the function of reference transmitted bits, Sr (n) is 
the function of received bits in the systems and D is the operator which maximize the magnitude (Rmax) or 
either maximize the normalized or average bit power (P0) for all transmitted bits for the preferred modulation 
levels. As a result, EVM is inversely proportional to the signal to noise ratio (SNR) [22]. OSNR is equal to 
the multiplication of SNR with bit rate (Rs) when the result of multiplication is divided by the reference 
optical bandwidth (Bref) [2]. The following formula [3, 16, 23, 24] is to measure the bit error rate for 





































In (2), Rs represents the bit rate. Bref is the reference optical bandwidth. L and M are the bit levels 
and constellation points number of the desired modulation levels respectively. In this way, for DP-32QAM, 
DP-64QAM and DP-128QAM formats, L and M produce the 5, 6, 7 bits and 32, 64 and 128 constellation 
points respectively. OSNR is the optical signal to noise ratio. k is the ratio of received and typical 
constellation points in COTS for DP-QAM levels. 
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3. SIMULATION LAYOUT 
Figures 1, 2, 3 and Figures 4(a), 4(b) represent [3, 11, 25, 26] the block diagram of COTS, algorithm 
of simulation flow for DP-QAM based COTS, architecture test bed of COTS, layout of coherent QAM 
square DP transmitter and receiver of COTS respectively. The system consists of coherent QAM square DP 
transmitter; optical link and coherent QAM square DP Receiver. The optical link section consists of optical 
fiber and EDFA. Data rate of 100 Gb/s is considered to simulate the test bed of COTS with DP-QAM in 
Optisystem optical simulation software tool. In this scenario, coherent QAM square DP transmitter transmits 
at the wavelength of 193.1 THz for various DP-QAM levels. Then the transmitted signal is separated in  
X and Y components. Consequently, the outputs go through the I-Q modulator and thereby yield DP-QAM 
signals. Now the modulating DP-QAM signals passed through the optical amplifier. The amplified signal 
passed through the optical link with 80km span length considering single mode fiber (SMF).  
To compensate the fiber attenuation and nonlinearities of the SMF, the optical amplifier used in  
the link. At the receiver section, coherent QAM square DP receiver is employed to detect the optical signal. 
In receiver module PBS (Polarization Beam splitter) creates two reciprocally polarized signals. 
For the detection of four optical fields there are four photodiodes are used to convert the optical signal to 
electrical signal. After that the electrical signal is passed through the analog to digital converter (ADC) to get 
the digital signals. Eventually DSP processor module used in the simulation for minimization of frequency 
and phase differences that occur in the COTS which is then go through the threshold based circuitry. 










Figure 2. Algorithm of simulation flow for DP-QAM based COTS, where PBS-polarization beam splitter, 
MZM- mach-zehnder modulator, OA- optical amplifier, PIN-p-i-n photodiode 
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Figure 4. (a) Optisystem layout of coherent QAM square DP transmitter, 
(b) Optisystem layout of coherent QAM square DP receiver 
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4. RESULTS 
Global parameters for the system are data rate of 100Gb/s, dual polarization, square constellation 
types, 65536 number of samples which are used to simulate the COTS. As a result the symbol rate for  
DP-32QAM, DP-64QAM and DP-128QAM are 10 Gsymbol/s, 8.33 Gsymbol/s and 7.142 Gsymbol/s 
respectively. The operating channel wave length is 193.1THz. The operating input power for CW Laser  
is -20dBm to 5dBm. The operating Optical Signal to Noise Ratio (OSNR) is 12 to 30 dB. The fiber link is of 
80 km span length. The fiber attenuation is 0.2dB/km. The fiber dispersion coefficient is 16ps/nm-km. 
The gain of EDFA is 16dB and the noise figure is 4dB. Fiber Nonlinearities is 26e-021m2/w and fiber effective 
area is 80e-012. Following the systematic procedure and test bed of COTS, we have found the following 
results. Figure 5 represents the optical modulating signal displays in Optical Spectrum Analyser (OSA) 
before sending through the optical link. After the DP-QAM the input message signal as shown in Figure 5,  
is transmitted through the optical Channel. In the receiver module the downlink receiver is used to 
demodulate the received signal which was transmitted through the optical channel. And it is splitted in 





Figure 5. Input power versus frequency of CW laser 
 
 
Figure 6 represents the comparison for input power (dBm) for DP-QAM level schemes in terms of 
EVM (%). In Figure 6, it is found that the propagation efficiency is examined by changing the CW input 
power to observe the corresponding impact of CW input power on Error vector magnitude(%) for  
the distance of back to back (B2B), 80 km and 400 km after reimbursement for the dispersion effect of  
the optical propagation system. In this setup the EVM is calculated in case of DP-32QAM, DP-64QAM, and 
DP-128QAM. The setup reveals that EVM figure for various modulation techniques has an inclination to 
down fall behavior against CW input power. At -9dBm, there is an unusual phenomenon that the linearity of 
the output graphs tends to more down wards. At input power -9 dBm, DP-128QAM shows the EVM of 9.5%, 
9.6%, and 10.7% where DP-64QAM exhibits the EVM of 12.24%, 13.3% and 15.1% and lastly DP-32QAM 
provides the EVM of 17.45%, 19.23% and 22.34% for back to back, 1 span and 5 spans respectively. 
Figure 7 exposes the behavior of EVM with respect to propagation length at CW input powers of  
0 dBm and 5 dBm in case of DP-32QAM, DP-64QAM, and DP-128QAM. It is observed from the figure that 
EVM increases with the increment of the distance. At 100 km to 220 km, among all of the modulation 
formats considered here in this setup, 0 dBm provides higher EVM as compared to 5dBm. At 220km to 600 
km, DP-64QAM shows higher EVM for 5dBm as compared to 0dBm. On the other hand, DP-32QAM and 
DP-128QAM both provides higher EVM in case of 0dBm as compared to 5dBm. And at 600 to 1200km 
point it reaches to the pick point in case of input power of 0dBm and 5dBm. It is interesting to observe 
that DP-32QAM, DP-64QAM, both shows almost similar behavioral patterns for 0dBm and 5dBm. 
On the contrary, DP-128QAM provides more %EVM for 5dBm input power where it shows lesser EVM 
for 0dBm.  
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Figure 7. Propagation length (km) versus error vector magnitude (%) 
 
 
Figure 8 reveals the BER performance with respect to the OSNR. This graph of figure exposes that 
DP-128QAM 5 spans, DP-128QAM b2b and DP-128QAM 1 span are not suitable for error free transmission 
at the simulated OSNR range. Besides, DP-32QAM B2B, DP-64QAM B2B gives lower BER which is 
compatible with our basic prediction. But DP-128QAM b2b has deviated from normal behavior, thereby not 
supporting acceptable BER performance. On the contrary, DP-32QAM 1 span provides very virtuous BER 
performance. We have observed that similar better output are obtained for DP-32QAM 1 span and  
DP-64QAM 1 span. Although, DP-32QAM 5 span and DP-64QAM 5 spans yields worse performance which 
is not acceptable for error free communications. These observations are also confirmed by the constellation 
point evidences shown in Table 1. Table 2 represents the comparison among related works. It validates that 
our design performs better in terms of OSNR than previous works. Our investigation shows the maximum 
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Figure 8. Performance comparison for DP- QAM levels with respect to OSNR versus log of BER 
 
 
Table 1. Constellations diagrams of DP-QAM levels for COTS performance comparison 
DP-QAM Levels Back to Back Propogation Propagation for 80 km ( 1 Span) 
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Table 1. Constellations diagrams of DP-QAM levels for COTS performance comparison (continue) 
DP-QAM Levels Back to Back Propogation Propagation for 80 km ( 1 Span) 















Table 2. Comparison table of our work with previous works 
Factors Ref. No. [3] Ref. No. [8] Ref. No. [11] Ref. No. [13] Current 
Investigation 










Modulation Formats Advanced Advanced M-QAM Advanced M-QAM 
Data Rate(Gbps) 112 904 400 256 100 
Channel Input power(dBm) -20 to 5 0 -------- -3 to 3 -20 to 5 
Wavelength/ frequency 193.1THz 1550 nm -------- 1557.36nm 193.1 THz 
Fiber attenuation(dB/km) 0.2 0.2 -------- -------- 0.2 
Span length(km) 80 80 
 
-------- 75 80 
Dispersion 
(ps/nm/km) 
16 16.75 -------- -------- 16 
Polarization Type Dual Dual PM SP  and Dual Dual 





Amplifier EDFA EDFA  EDFA EDFA 
Amplifier Gain (dB) 16 16  
 
-------- -------- 16 
Noise Figure(dB) 4 4  -------- -------- 4 
OSNR(dB) 23.5 27 21.8 and 24.3 18 and 19 28 
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5. CONCLUSION 
We exhibited the COTS with multiple types of DP-QAM levels. The performance of  
the DP-32QAM, DP-64QAM and DP-128QAM modulation formats with the same data rate (100Gb/s) and 
different symbol rates (10 Gsymbol/s, 8.33 Gsymbol/s and 7.142 Gsymbol/s respectively) have been 
compared in terms of CW input power. The findings based on the performance curves and constellation 
diagrams are in harmony with the analytical manifestation and are strong evidences to our explanation of  
the outputs.  
This simulation work helps the calculation of EVM with respect to propagation length, input 
channel power for DP-QAM levels. It is interesting that for the same test bed of COTS, three DP- QAM 
levels performed differently. This investigation improves the optical transmission systems by minimizing  
the error vector magnitude (EVM). In this simulation, it is found that DP-128QAM outperforms DP-32QAM 
and DP-64QAM. DP-128QAM has a potentiality to rescue from the detrimental factors that arises from long 
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